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Autombile transport in the USSR is receiving not only gascline but also
benzene as fuel for carburetor engines. The benzere 1s used in mixtures with
gagoline, and the quality of the mixture is determined by the amcunt of each
entering into its composition. In the TsNIIAT (Central Scientific Research
Institute of Automobile Transport) tests were made of different gasoline-ben-
zene mixtures to check the suitability of their properties under operating con-
ditions.

To obtain the experimental mixtures, & nonethyl gasoline was selected which
had separated out when the temperature at the end of the distillation was 205
degrees. A bituminous coal benzeme at present being supplied to automobile
transport was used to combine with this gasoline., The characteristics of these
fuels are in the appended table. Distiliation curves of the two fuels and
various mixtures of them are shown in the graph in Figure 1.

This graph gives distillation curves for straight gasoline, straight ben-
zene, and for the following mixtures: 85 percent gasoline and 15 percent ben-
zere; 75 percent gasoline and 25 percent benzene; 65 percent gasoline and 35
percent benzene; 50 percent gascline and 50 percent benzene.

The distiliation curves imdicate that the addition of benzene to gasoline
i no way increases the temperature at the beglnning of the distillation but
considerably improves the course of all the remaining parts of the curves.
Even the 10 percent point for mixtures containing 50 percent benzene and less
is completely satisfactory. Points further on-are more favorable for gasoline-
benzene mixtures than for straight gasoline. This gives evidence of the increase
in vapor pressure of saturated vapors of &ll fractions of gasoline-benzune
mixtures ekcept for the lightest top fractionms.
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However, it must be remembered that the vaporizability of fuels in car-
buretor engines depends not only on the fracticnal composition and VaApor pres-
sure but also on the heat of vaporfzation and the amcunt of air 1in the vorking
mixture,

The heat of vaporization of benzene is higher than that of gasoline (more
than 40 percent higher at 20 degrees). This creates difficuities in the vapori-
zation of benzene. If used in its pure form, a more thoroughgoing preheating
of the intake manifold is required and starting the engine is difficult. Because
of the high heat of vaporization of benzene, the temperature in the intake mani-
fold is greatly lowered. In starting the engine when the temperature of the
outside air is even 10 degrees, it is observed that the benzene congeals in
the fuel atomization system, with the precipitation of crystals particularly in
the diffuser of the carburetor, in the baffle plate, etc. However, for a mix-
ture containing 30 percent benzene, the heat of vaporization is only 10-12 per-
cent higher than for gasoline (under the same conditions). With a further
decrease in the benzene content of the mixture, the heat of vaporization is also
decreased.

For the complete combustion of one kilogram of benzene 13.2 kilograms of
air are required, ac against 15 kilograms for gasoline, that is, 12 percent less
(by weight) than for gasoline., This impairs the vaporizability of benzene in
carburetor engines. However, gasoline-benzene mixtures require more air for
combustion than benzene does. Thus, for the combustion of a mixture containing
35 percent benzene, 1h.4 kilograms of air are needed, or 4 percent less than
for the combustion of gasoline, and for the combustion of a mixture containing
25 percent benzene, 1k,55 kilograms of air are required, or 3 percent less than
for atraight gasoline.

The negative qualities of benzene (the increased heat of vaporization and
the somevhat smaller amount of air required for combustion) which impair its
vaporization in engines decrease when it is used in mixture with gasoline. At
the same time, the vapor pressure from benzene-gasoline mixtures is higher than
that of straight gasoline. This compesnsates for the negative qualities men-
tioned above from the standpoint of fine vaporization of the mixture in the
carburetor engine. Mixtures containing up to 25-30 perrent benzene are satis-
factory for use in automobiles in summer in the central belt of the USSR.

To eatimate the carburetion properties of gasoline-benzene mixtures the
density, viscosity, and surface tension of the mixtures must be considered since
the flow of fuel from the Jet tube and the atomization of fuel in the carburetor
syetem of the engine depend on these. The density of benzene as shown in the
table of characteristics is almost 20 percent higher than that of gasoline (at

'"20 degrees).

The viscosity of benzene as given in the table differs very slightly from
that of gasoline. The difference in the viscositv of gasoline and gasoline-ben-
zene mixtures is even less, and from the viewpoint of its influence on the flow
of fuel from the Jet tube it can be disregarded.

The su.face tension of benzenme at 20 degrees is 27 percent higler than
that of gascline (see table) but, as regards the absolute amount, it still is
not high {two fifths of the surface tension of water). The surface tension
of gasoline-benzene mixtures is less than that ot straight benzene. Conse-
quently atonlvation of mixtures containing up to 25-30 percent tenzene is
slivgether satisfactory and 1is hardly at all inferior to the atomization of
automoblle gasoline.
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An important factor in estimating the possibility of using gasoline- L 3 SRR

benzene mixtures as fuel for automobile engines under USSR climatic condi-

tions 1s the temperature at which the precipitation of benzene crystals is - 5
observed and the comsequent interference with the operation of the engine. ’ﬁ"
To assure dependable use of automobiles, it is necessary to select mixtures e
of such a nature that the temperature at which crystals are formed in them is i
definitely lower than the temperature of the air during the coldest part of the .

Beason in which the mixtures are to be used. At the same time, the length of s','
the season during which the mixtures could be used should be as long as possi- ‘u"i
ble since replacing mixtures of one type with these of anctler necessitates a i )
readjustment of the carburetor and other devices.

Technical benzene, in its pure form, crystaliizes (corngeals) at a tempera- Thm———
ture ranging from 5-5.4 degrees depending on 1ts cbemical purity and, consequently, e
use of it under USSR climatic conditions is excluded. However, the presence of
gasoline in a mixture with benzene improves this situation, and with the increase
of the gasoline ~nntent the temperature at which crystals are formed is lowered
considerably. (See curve % 1in Figure 2.)

Gasoline-benzene mixtures containing up to 25-30 percent benzene and 70-75
percent gasoline are entirely satisfactory for their vaporizability and other
carburetion characteristics for use in automcbiles in summer in the central belt
of the USSR. They are alsc completely satisfactory from the viewpoint of the
lov temperature at which crystals are formed (minus 30 degrees).

In considering the properties of gasoline-benzene mixtures, it is necessary
to take into account the toxicity of benzene. Because of this, in 19149,
provisional health regulations (No 114-242) approved by the Chief Health Inspec~
tor of the USSR established that the amount of benzene allowable for use in
automobile fuel should not exceed 25 percent (by volume). This excludes the
use of mixtures with a benzene content higher than 25 percent. Conseguently,
a mixture consisting of 75 percent gasoline and 25 percent benzene (by volume)
should be recommended as fuel for summer automobile transport. At lower tem-
peratures during the coldest part of the day a mixture with & benzene content
of not more than 20 percent may be ugsed. If the air temperature should drop
below minus 25 degrees, but not below minus LO degrees, thebenzene content in
the mixture must be reduced to 10-15 percent. Such mixtures in their carburetion
characteristics and the temperature at which crystals are formed assure depend -
able operation of the automobile and reduce difficulties arising from the con-
gealing of the benzene itself.

The use of benzene results in a large amount of deposit, and ir gasoline-
benzene mixtures the deposit, naturally, incremses with the increase of the
amount of benzene in the mixture. For this reason, too, 1t is bYest to limit
the muount of benzene in the mixture to 25 percent.

The calorific value of benzene is lower than the. of gasoline, being about
9,500 calories per kilogram. However, a gasoline-benzene mixture containing up
to 25 percent benzene has a cmlorific value of 10,250 calories and is only
slightly inferior in this respect to gasoline. Accordingly, the consumption
of such mixtures in operating automobile engines approximates very closely the
consumption of gasoline.

The antiknock stability of technical benzene is relatively high; its octane
number determined by the motor method is 98-100 or higher. The presence of ben-

zeue in gasoline-benzene mixtures increases their antiknock stability, as is
shown in Figure 3.
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At the same time, berzene burns more sluggishly in the engines (particularly e i [ )2 R
low-campr:s8sion engines), and the temperature of the cylinders, the bottom of
the pistons, and the starting valves is increased. The 2asoline-benzene mix-

ture has this property to a lesger degree than straight benzene, However, in ¢
using it a greater spark advance is necessary than when Operating on nonethyl

gasolines. When there 1is an insufficient spark advance , there is a low burning ‘; !
of the working fuel on the line of expansion » and because of this superheating : :
and a drop in the rerformance and efficiency of the engine. Thus, ip converting P" ’
automobile engines from gasoline to a gasoline -benzene mixture, in addition to g ;
Tegulating the fuel level in the float chamber and adjusting the carburetor to |

take the vorking mixture, Bssuring & good pickup of the automcbile 8n. efficlency
in operation, it is necessary to pay proper attention to the spark advance, b

/Appended table end figures follows,/
Characteristics of Benzene and Gasoline Used to Obtain Mixtures
Physicochemical,
Properties Benzene Gasoline Method of Calculation
Octane Ko OCh/M 98-100 5T GOST 511-46
Density at 20 degrees (g/cu m) 0.879 0,734 GOST 3900-L47
Kinematic viscosity at 0.766 0.738 GOST 33-46
20 degrees (centistokes)
Surface tension at 20 degrees 29.0 22.8 P. A. Rebiader's
(aynes/cn) me thod .
Practional composition:
Beginning of distillation 75 Lz GOST 2177-48
(degrees)
104 distillation at (degrees) 79 T4
50% distillation at (degrees) 80 132
90h distillation at {degrees) 80 187
End of distillation at (degrees) o 205 ‘
Residue (percent ) 1.6 1.5 ‘r
Losses in distillation (percent) 0.4 0.9
Congelation point, - Between -1 0ST 7872-39 MI-7.L
(degrees) S and 5.4
Test on copper plate i Passed Passed GrozNII method «k
Acidity (mg KOH/100 ml) 2.88 1.01 GOST 1784 -47 )
Water soluble acids and Absent Absent OST 7872 MI 25 ye-37 . =
alkalies
Mechanical admixtures Absent Absent osT 7872-39' MI-19v,
and water GOST 2706-44, and
GOST 2577-44
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Figure 1. Distillation Curves for Gasoline (I), Benzene (II), and Mixtures
Containlng 85 Percent Gaaoline and 15 Percent Benzene (III), 75
Percent Gasoline and 25 Percent Benzene (1V), 65 Parcent Gaso-
line and 35 Percent Benzene (V), and 50 Percent Gasoline and 50
Percent Benzene (V7T)
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Figure 2. Density p20 (at 20 degrees), Temperature at Which Crystals
Are Formed ty, and the Amcunt of Alr L. (in kg) Required to
Burn One Kilogram of F-iel 2:r jazoline-Benzere Mixtures in
Different Combinaticns
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